Fragmentation d'un empilement de couches minces sur un substrat polymérique flexible by Dalmas, Davy, et al.
22
ème
 Congrès Français de Mécanique                                               Lyon, 24 au 28 Août 2015 
 
Fragmentation d’un empilement de couches minces 
sur un substrat polymérique flexible  
 
D. DALMAS
 a,c
, J. MARTHELOT
b,c
, J. TEISSEIRE
c
, B. ROMAN
b
, J. 
BICO
b
 
 
a. LTDS, UMR 5513 / ECL Ecole Centrale de Lyon, Ecully France  
(e-mail : davy.dalmas@ec-lyon.fr) 
b. PMMH, CNRS UMR 7636, UPMC Univ. Paris 6 & Univ. Paris Diderot Paris 7, ESPCI-
ParisTech, Paris France 
c. SVI, Unité mixte  CNRS/Saint-Gobain UMR 125, Aubervilliers France 
 
Résumé : (16 gras) 
 
Pour modifier les propriétés de surface des substrats polymériques flexibles et leur conférer de 
nouvelles fonctionnalités, on utilise de plus en plus fréquemment des dépôts d’empilement de couches 
minces de quelques dizaines de nanomètre d’épaisseur. Cependant, ces empilements souffrent de 
problèmes mécaniques spécifiques tels que la fissuration, le délaminage ou le cloquage. En utilisant 
des tests de fracture en traction uni-axiale effectuées sur des couches de ZnO et d’Ag déposées sur un 
substrat de ETFE flexible, on étendra les modèles classiques de la littérature en intégrant la plasticité 
dans le substrat pour mieux décrire la saturation de la densité de fissure observée expérimentalement. 
 
Abstract :  
 
Coatings are more and more frequently deposited on flexible polymeric substrates to modify their 
surface properties and impart new functionalities. Thin films and multilayers, however, suffer from 
specific mechanical problems such as cracking, delamination, buckling, By using uniaxial fracture 
tests performed on ZnO and Ag layers coated on flexible ETFE substrate, I will extend classical 
models to consider plasticity in the substrate that is thought to be responsible of the saturation of 
crack density. 
 
Mots clefs : Fracture, Multilayer coatings, Flexible substrate 
 
Polymer film coated with stacks of thin layers (metal, oxides or organic) are more and more used in 
many industrial applications such as flexible and opto microelectronics (screens, OLED, Photovoltaic 
applications...). Maintaining the mechanical stability of these coated systems requires both to control 
the cohesion of the coating and its adhesion to the substrate for various mechanical loadings. As the 
mechanical behavior of these systems is highly dependent on both the properties of the substrate 
(modulus, thermal expansion coefficient, glass transition temperature ...), and of the coating 
(deposition conditions, the residual stresses,…), it  is essential to develop dedicated characterization 
methods and idealized model experiments to understand the mechanical stability of those thin films 
deposited on flexible substrates. 
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We study the fracture propagation of ZnO and Ag layers of various thicknesses coated on a 125 µm 
thick ETFE substrate uniaxially stretched. We will show how the crack density undergoes a transition 
from a statistic failure distribution classically observed for brittle material and well-described by 
Weibull distribution to a deterministic sequence of failures set by the elastic mismatch between the 
film and the substrate. 
 
We will first propose a two-dimensional model of a film bonded to an elastic substrate following [1] 
and deduce the corresponding evolution of crack density with the applied strain in the case of large 
elastic mismatch between the film and the substrate. We will then extend this model to an elasto-
plastic transfer to consider the plasticity in the substrate. We will present experimental evidence of the 
localisation of strain in the substrate by in-situ AFM imaging of the fracture process. We propose that 
this localisation is responsible of the saturation of crack density observed at high strain. 
 
 
Figure 1 : (Left) Fragmentation of a brittle-ductile layer during a traction test (Right) AFM view of the 
obtained crack patterning at high strain. 
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